The formation of the first epidermal generations and in particular of the shedding complex in the developing scales of the lizards Anolis lineatopus and Podarcis muralis was studied by electron microscopy. The initially linear and bilayered epidermis turned into symmetric papillae, which became asymmetric scales. The outer periderm was more electrondense than the following layer, provisionally named ' inner periderm ' but probably derived from the basal layer. Coarse thick filaments progressively filled the cytoplasm of the inner periderm or formed reticulate bodies resembling avian peridermal granules. Peridermal cells cornified slightly and could be shed in ovo. From the basal layer various suprabasal epithelial layers were produced. The first layer contained keratohyalin-like granules and was identified as a clear layer. Beneath it a spinulated (Anolis) or serrated (Podarcis) oberha$ utchen differentiated. The clear and ' oberha$ utchen ' layers constitute the first shedding complex. The first epidermal layers that were shed consisted of flaking periderm or periderm together with the clear layer. The differentiation of a mesos layer was under way before hatching, when the epidermal morphology resembled a stage 4-5 of the adult shedding cycle. Fibroblasts under the inner side of the scale made few contacts with the basement membrane and their cytoplasmic elongations were mostly oriented parallel to the dense lamina. Instead, fibroblasts under the basal layer of the outer scale surface (BLOS) made numerous contacts with the basement membrane, suggesting that more dermal-epidermal interactions take place on this side of the scale.
third layer (the mesos layer), probably intermediate between the β layer and the subjacent α layer, acts as the main barrier against water loss. The fourth layer (the α layer) is flexible and also limits water loss, and resembles the mammalian stratum corneum layer, apart the lack of keratohyalin during the process of keratinisation. The fifth layer (the lacunar tissue) represents an α keratinised layer involved in loosening one epidermal generation (the outer) from the following epidermal generation (the inner) in the process of shedding. The precise role of this layer remains to be fully elucidated. The sixth layer (the clear layer) is considered a specialised α layer, and it detaches from the oberha$ utchen produced by the following inner epidermal generation determining the epidermal shedding (Maderson, 1985) . The clear layer of lizards typically contains keratohyalin-like granules (KHLG) as in the mammalian stratum granulosum. (IEG) . α, α keratin layer ; b, basal layer ; β, β keratin layer ; bm, basement membrane ; c, clear layer containing keratohyalin-like granules ; iα, incomplete α keratin layer ; L, lacunar layer ; m, mesos layer ; o, oberha$ utchen ; sb, suprabasal layer ; SC, shedding complex. The arrow points to the splitting line between epidermal generations. In the inner scale surface and hinge region the β layer is absent.
Thus in lizards, from the same germinative layer, 6 different types of cells are produced, the first 2, oberha$ utchen and β cells, synthesise a feather-like or β keratin, the remaining cells produce α keratin as in mammals. The cyclical regulatory mechanism capable to activate and repress β and α keratin synthesis in this vertical epidermal sequence remains unknown.
The origin of a β keratin layer is unknown, but it has probably evolved from the more primitive α keratin layer, as found in turtles (Maderson, 1985) . The clear layer of the outer generation and the oberha$ utchen of the inner generation form a ' shedding complex ', the region where the epidermal shedding takes place. According to the present view, clear cells are generated during the end of the resting stage and are considered the lowest layer of the outer generation which are shed together with the outer generation (Maderson et al. 1972 ; Flaxman & Maderson, 1973 ; Downing & Roth, 1974) . However, clear cells could also represent the first layer of the inner generation with a role in the splitting mechanism of shedding, after which they are sloughed off with the outer epidermal generation.
Whether the clear layer is the lowest layer of the outer epidermal generation or the first layer of the inner epidermal generation (Ernst & Ruibal, 1966) deserves further study.
In order to clarify this issue, embryonic lizard material has been used. This permits study of the formation of the first epidermal layers from the primitive ectoderm. In fact, in the embryonic epidermis, above the basal layer, 1 or 2 layers of periderm are temporarily present over the forming keratinising layers (Maderson, 1965 ; Liu & Maneely, 1969 ; Dhouailly & Maderson, 1984) .
The ultrastructural study permits better discrimination between epidermal layers and complements previous studies on scale morphogenesis (Dhouailly & Maderson, 1984 ; Alibardi, 1996) . The main goal of the present study was to see whether the first embryonic epidermal generation resembles that in the adult, including the differentiation of a shedding complex. The ultrastructural analysis of embryonic epidermis permits study of the first morphological differentiation of β keratin cells. Some observations on the dermal fibroblasts under the epidermis are also reported.
The 2 lizard species selected in the present study represent 2 widely distributed and different squamate families (Anolis lineatopus, Iguanidae, and Podarcis muralis, Lacertidae).
  

Anolis lineatopus
Eggs of the Jamaican lizard Anolis lineatopus were collected around Kingston, Jamaica, and carried to the United States to be fixed and embedded. Thirtyfive embryos were later studied in Italy at different stages of development. Since a specific staging system for Anolis lineatopus is lacking, the table of development for Podarcis (l Lacerta) vivipara of Dufaure & Hubert (1961) was used. According to this scheme, the Anolis specimens were studied between ' embryonic stages ' (ES) corresponding to stage 34 (limb digits visible) to stage 40 (limb digits and body completely covered by hard scales) in Lacerta, as previously reported (Alibardi, 1996) .
The embryos were fixed in cold (0-4 mC) 2n5% glutaraldehyde in 0n2  phosphate buffer, pH 7n4, for 5-8 h, postfixed in 1 % OsO % for 2 h, dehydrated and embedded in Araldite, Durcupan or JB-4 (Polyscience Inc., USA).
Care was taken to study embryos representative of stages 36 to 40, in order to document the progressive formation of all epidermal layers beneath the periderm. The Anolis embryos embedded in AralditeDurcupan for the study with the electron microscope were representative of the following embryonic stages : 35 (n l 4), 36 (n l 3), 37 (n l 3), 38 (n l 6), 39 (n l 4), 40 (n l 5).
Using an ultramicrotome, semithin sections (0n5- Fig. 2 . Schematic drawing of scale morphogenesis and epidermal stratification during embryogenesis. ASA, asymmetric scale anlagen (the square is a schematic area of the outer scale surface showing cell stratification ; ES 36-37) ; ASA-SC, apical region of asymmetric scale anlagen with differentiating layers of the shedding complex (C, O) and the beginning of β layer formation (bβ ; ES 38) ; B, basal layer ; β, β keratin layer ; bβ, beginning of β layer formation ; BL, hypertrophic basal layer of the forming outer scale surface (BLOS) ; C, clear (granulated) layer containing keratohyalin-like granules ; FBE, flat bilayered epidermis (schematic area at ES 34-35) ; I, inner side of the scale ; KAS, β keratinised asymmetric scale (the square illustrates cell stratification ; ES 39-40) ; O, oberha$ utchen ; P, periderm ; P1, outer periderm ; P2, inner periderm ; pM, presumptive mesos layer ; SB, suprabasal layer with no morphological signs of differentiation ; SC, shedding complex ; SSA, symmetric scale anlagen (ES 35-36) ; WFBE, waved and flat bilayered epidermis (schematic area at ES 34-35). Arrowheads point to the basement membrane. 1 µm) derived from different body regions of the embryos, were collected on glass slides and stained with 0n5 % toluidine blue. Other sections (50-90 nm), selected from different body regions, were collected on 200 mesh copper or nickel grids, contrasted with uranyl acetate-lead citrate according to standard methods, and observed with a Philips CM 100 transmission electron microscope operating at 60-80 kV.
Podarcis muralis
Twenty embryos of Podarcis (l Lacerta) muralis, collected at different stages of development (35-40, see Dufaure & Hubert, 1961) , served as a comparison with those of Anolis. Embryonic stages (ES) 35 (n l 2), 36 (n l 3), 37 (n l 4), 38 (n l 4), 39 (n l 4) and 40 (n l 3), were used. The tissues were fixed and embedded for routine electron microscopy, as detailed above.

Scale morphogenesis and epidermal stratification
Whatever their position in the body, scales derived from a flat or wavy bilayered epidermis (FBE, WFBE in Fig. 2 , Table) , as previously described (Maderson, 1965 ; Dhouailly & Maderson, 1984 ; Alibardi, 1996) . In both species, initially the epidermis formed symmetric scale anlagen (SSA in Fig. 2 ), that later became asymmetric (ASA), with a ' hypertrophic basal layer in the forming outer scale surface ' (BLOS, Fig. 2 ). In the region of the tail and digital pads, the epidermal papillae appeared longer and asymmetric from the outset. Initially (ES 34-35) the embryonic epidermis comprised 2 layers, the basal layer or forming epidermis, and the periderm, the latter representing the external flat cells contacting the amniotic fluid, present only during the embryonic period (Table) . Cells in the basal layer proliferated, giving origin to clear granulated layer (darkening, especially the cytoplasm surrounding oberhäutchen spinulae) 5first spitting zone differentiating4 oberhäutchen (darkening, especially the cytoplasm at the base of the spinulae) β layer (3 compacting cell layers, β keratin packets filling the cytoplasm) mesos layer (2-3 flat cells, lamellate mesos granules visible) suprabasal cells (small glycogen patches) basal layer (columnar cells with large glycogen patches) (as outer side but without β layer, with flat basal layer and scarce glycogen) the definitive epidermis. Epidermal stratification over the basal layer was visible at ES 37-38 when pseudostratified cells accumulated beneath the flat peridermis (Figs 3, 4) . These suprabasal cells, probably all derived from the basal layer, differed from peridermal cells and progressively differentiated into cornified layers. Before the embryo hatched (ES 39-40), the outer scale surface expanded and suprabasal cells over the BLOS formed stratified keratinised layers (KAS, Figs 2-7, Table) .
In particular, at ES 38-39 under the peridermis, one granulated layer over another elongated pale layer (oberha$ utchen) were visible above the darker β keratinised layer (Figs 3, 6) . The presence of these 2 layers indicated that a shedding complex was forming, as later confirmed with the electron microscopic study. In Podarcis under the peridermis few small granules were seen, and they were not uniformly distributed. In the latter species, at ES 39, part of the peridermis was lost, and occasional sectioning artifacts disclosed the position of the ' serration ' of the shedding complex within the superficial epidermis (Figs 6, 7) . Beneath the β layer, pale and very narrow cells of the presumptive mesos layer were present (Fig. 7) .
The epidermis and dermis of dorsal scales were colonised by more melanocytes than were the scales elsewhere on the body.
Ultrastructure of the epidermal stratification in Anolis
At early embryonic stages (35-36, see Table) , broad cytoplasmic areas of columnar basal cells contained clumps of glycogen, in contrast to the isolated particles seen in the cytoplasm of peridermal cells. In both species, the clumped patches of glycogen were seen in the BLOS, and diminished in differentiating cells. Scales of different body regions were studied, and around ES 36-38, when a scaling epidermis covered the embryo, a presumptive β layer appeared only on the outer scale surface (Figs 3, 5, 8). From a single peridermal layer at ES 34, 2 layers were present at ES 37-40, consisting of an outer and ' inner ' periderm (Fig. 8) . Periderm cells were extremely flat, the cytoplasm of the outer ones often thinner than 0n5 µm. Apart from the protruding nucleus, their cytoplasm contained free ribosomes, sparse glycogen particles, small pinocytotic vesicles, scarce microtubules and tonofilaments, the latter concentrated along the plasmalemma or in desmosomes (Figs 9, 10 ). The surface of peridermal cells was quite irregular, coated with a thin electrondense material, and featured microvilli.
In more advanced scales, at ES 38-40, the outer periderm appeared dark while the inner periderm was pale, and the underlying granulated, oberha$ utchen and β layers became evident (Figs 3, 8, 11, 12) .
Fibrous electrondense material was present in the thin cytoplasm of the outer periderm, while the inner periderm cells appeared more vacuolated, electronlucent, and contained coarse, 25-35 nm thick filaments (Figs 9, 11, 12) . The Golgi apparatus produced vesicles containing amorphous material of low electron density, which seemed to discharge their content out of the inner periderm cells (Fig. 13) .
Patches of the coarse electrondense filaments appeared in the pale cytoplasm of the inner periderm, often coursing along the plasmalemma and the base of the microvilli (Fig. 14) . In maturing peridermal cells, these filaments aggregated and occupied larger areas of the cytoplasm, where they formed a mesh-like network, or appeared isolated in ' reticulate bodies ' (Fig. 15) .
Beneath the periderm, a granulated layer was present (Figs 8, 11 ). ' Keratohyalin-like granules ' (KHLG) were irregular and of different dimension (0n45-1n5 µm), but were reduced in number and dimension in the inner scale surface (Fig. 12) . The inner scale surface was covered with flat cells, where no β-keratinising cells were seen, except near the tip of the scale.
The Golgi apparatus of granulated cells produced small vesicles with amorphous electron-lucent content, which were sometimes seen merging with one another. KHLG were often contacted by tonofilaments converging into desmosomes (Fig. 11 ). Many These same granules are smaller and roundish in the inner surface (I). The row of oberha$ utchen spinulae (arrows) continues onto the apical and inner surface. P, periderm. The asterisk is on a differentiating β cell with peripheral electron-lucent β keratin packets (arrowheads) and melanosomes. B, basal cells of the outer scale surface ; D, dermis. Bar, 10 µm. KHLG were surrounded by ribosomes but a limiting membrane was not visible.
The oberha$ utchen showed the typical spinulated surface impinging on the above granulated layer, and the 2 layers were connected by desmosomes (Fig. 11) . Roundish, low-medium electrondense β keratin packets 0n1-0n2 µm in diameter, contacted and merged with the electrondense fibrous material at the base of the spinulae (Fig. 16) . The progressive condensation of electrondense fibrous material within the cytoplasm of granulated and oberha$ utchen cells, particularly around the spinulae, turned the shedding complex into a dark region (Fig. 17) .
The β keratin packets of the underlying β cells, were more electron-lucent and irregular shaped than those in oberha$ utchen cells, and their limiting membrane was no longer visible. At the beginning of β cell differentiation (ES 37-38), most of β packets were localised along the cell periphery, forming intracytoplasmic electron-lucent areas (Fig. 12) . Later (ES 39-40), the β keratin packets merged into each other and filled the cytoplasm, as observed in the adult epidermis. Under the β layer, thin cells of the presumptive mesos-layer were seen, at ES 39-40, shortly before hatching. Granules 0n1-0n3 µm in size within mesos cells rarely appeared lamellate.
Ultrastructural features of epidermal stratification in Podarcis
In the BLOS of asymmetric scales many clumps of glycogen particles were seen. At ES 38-39 the outer, darker periderm had numerous microvilli while the inner periderm was paler and contained numerous coarse 30-40 nm filaments (Figs 18, 19) .
During ES 38-39 (Table) , the first subperidermal layer contained some irregular or roundish, 0n04-0n3 µm KHLG. This layer was not evenly developed under the periderm but, in longitudinal section, it appeared more differentiated in the central part of the outer scale surface with respect to the scale tip or the hinge region. Some small β keratin packets (0n1-0n4 µm) were also seen in this layer (Fig. 20) , but they did not fill the cytoplasm of these cells at maturity. Another feature of these cells was the serrated contour of their basal cytoplasm which corresponded to the complementary serrated deeper layer (Figs 7, 21, 22) . This serration pattern is typical of Podarcis muralis, as it is also seen during epidermal regeneration, where KHLG are much larger than during embryogenesis (Alibardi, personal observation). KHLG tended to decrease in size or disappeared at ES 38-39, while granular or fibrous material appeared within the serrated basal cytoplasm. As a result of these observations, the first subperidermal layer was identified as a clear layer.
In the subjacent layer, occasional KHLG and many roundish β keratin packets were present, which progressively filled the cytoplasm and the short serrated-shaped spinulae. The spinulae initially contained tonofilaments, but were progressively filled with β keratin packets (Fig. 21) . This layer was identified as a typical oberha$ utchen and appeared fused to the underlying β keratin layer (Fig. 22) . The embryonic clear and oberha$ utchen layers often appeared separated, suggesting the presence of a fracture plane (shedding space) between the upper periderm plus the clear layer from the lower oberha$ utchen and the β layer. 
Dermis under the inner and outer surfaces of the scale
Both in Anolis and Podarcis, the basement membrane consisted of an upper amorphous matrix contacting the basal epithelial plasmalemma, a lamina densa, and another lower amorphous matrix mixed with dermal reticular or collagen fibrils (Figs 23, 24) .
Under the BLOS, the shape of fibroblasts appeared irregular and their cytoplasmic elongations frequently contacted the lower amorphous matrix of the basement membrane. In these regions, the dermal epithelial contacts appeared in the form of cytoplasmic elongations or anchoring complexes (Fig. 24) . Occasionally the basal cytoplasm of epithelial cells formed blebs that distorted the basement membrane and contacted dermal cells or dermal fibrils (Fig. 25) .
Under the lamina densa of the inner side of the scale, bundles of collagen fibrils were frequently present, and were oriented parallel to the lamella densa. Many fibroblasts in these regions appeared fusiform, like those located in the deep dermis, and their cytoplasmic arms followed the orientation of the collagen fibrils (Figs 26, 27 ). Fibroblast arms under this inner side contacted the basement membrane less frequently than fibroblasts under the BLOS. The amorphous matrix of the basement membrane was often thinner than that under BLOS.

Scale morphogenesis and epidermal stratification
The present ultrastructural study has clarified the sequence of the first epidermal generations produced in the embryo of Anolis lineatopus and Podarcis muralis, and complements previous studies on the formation of scales (Maderson, 1965 ; Liu & Maneely, 1969 ; Dhouailly & Maderson, 1984 ; Alibardi, 1996) .
During the morphogenetic stages, basal and suprabasal epidermal cells store a large amount of glycogen that provides energy for proliferation and, later, for keratinisation (Alibardi, 1997 b) , as was observed in the developing chick epidermis and feathers (Parakkal & Matoltsy, 1968 ; Matulionis, 1970) .
Peridermal differentiation
The periderm is a transitory structure, initially capable of proliferation to permit the superficial expansion, and probably has an exchange activity with the amniotic fluid. Because of the different rate of proliferation between periderm and the basal layer (Alibardi, 1996) , peridermal cells probably stretch and flatten so that their cytoplasm becomes extremely thin in order to cover the expanding surface of the epidermis. Eventually, when the subperidermal expansion is too large, peridermal proliferation decreases or stops, and β and mesos layers are generated underneath, the outer peridermal cells can flake off into the amniotic fluid.
The outer periderm shows microvilli, pinocytotic vesicles, a coated surface contacting the amniotic fluid, and few microtubules and filaments. Although not directly documented in this or previous studies, the inner periderm is considered to be derived from the initial monolayered periderm, and also shows some microvilli. These 2 peridermal layers are not found as such in the adult epidermis (Maderson et al. 1972 ; Dhouailly & Maderson, 1984) . In a previous study (Alibardi, 1996) , it was observed that the rare peridermal divisions were oriented in a tangential direction, contributing to the laminar expansion of the peridermis and not to its vertical stratification. This suggests that the so called ' inner periderm ' is probably derived from the basal layer, like the following epidermal layers. Also, while the outer periderm does not show any sign of specific differentiation, the inner periderm forms specialised organelles, such as coarse filaments, reticulate bodies and secretory vesicles. The nucleus of inner peridermal cells is often roundish and not flattened like that of the outer peridermis.
In other lizard species the ' inner peridermis ' appears even more specialised and stratified, producing mucosubstances or even lipid-like material (Alibardi, unpublished observations). The present and a previous study (Dhouailly & Maderson, 1984) , have Fig. 28 . Schematic drawing of regenerating (A) and embryonic (B) epidermis, as derived from the present study. b, basal layer ; β, β keratin layer ; bm, basement membrane ; c, clear layer containing keratohyalin-like granules ; iα, incomplete α keratin layer ; IEG, inner epidermal generation ; L, lacunar layer ; m, mesos layer ; o, oberha$ utchen ; OEG, outer epidermal generation ; p1, outer peridermis ; p2, ' inner periderm ' ; sb, suprabasal layer ; SC, shedding complex ; w, wound epidermis. The arrow points to the splitting line between epidermal generations. sometimes observed that more than one layer of ' inner peridermal ' cells are formed under the outer peridermis. The above observations suggest that the inner periderm may be the first specialised epidermal layer, perhaps representing the embryonic counterpart of the ' lacunar layer ' of the adult epidermis (Maderson, 1985 ; Landmann, 1986) . Coarse filaments, like those observed in inner peridermal cells, have been also observed in lacunar cells of the regenerating epidermis (Alibardi, unpublished observations).
However, since there is no direct evidence that the ' inner periderm ' derives from the monolayered periderm, this term is provisionally maintained (Fig. 28) .
Eventually, both the outer and inner peridermal layers show signs of cornification and the inner periderm has a vacuolated or swollen appearance, as in the chick (Mottet & Jensen, 1968) . The nature of the amorphous contents of the discharging vesicles of the inner periderm remains to be fully elucidated, although PAS and mucosubstances seem to be part of this secretion (Alibardi, 1997 b) . The ' arabesque whorls ' previously observed in the inner periderm of Podarcis (l Lacerta) muralis (Dhouailly & Maderson, 1984) and confirmed in the present study, correspond to the coarse 25-35 nm filaments of Anolis. These filaments initially aggregate with one another into ' reticulate bodies ', which later form an extended cytoplasmic network that obscures the cytoplasm. In Podarcis, the condensation of the coarse filaments is more homogenous, and turns the inner periderm into a dark and fibrous layer.
Reticulate bodies in Anolis, aside from their irregular contour, somewhat resemble the ' peridermal granules ' described in feather and scutate scales of the chick (Matulionis, 1970 ; Sawyer et al. 1974) . The dimensions of the coarse 25-35 nm filaments resemble those found in the chick (Parakkal & Matoltsy, 1968 ; Mottet & Jensen, 1968) . In Anolis, as in the chick, the granules are found mostly in the inner periderm. Although their nature and role remain enigmatic, the presence of similar fibrous structures in these representative of reptiles and birds is a sauropsid characteristic.
Formation of the first shedding complex
The present study has shown the beginning of the first shedding cycle in the embryonic epidermis, an observation not feasible in the adult where epidermal cycling leading to shedding is already well established.
A previous study on the embryo of Lacerta (l Podarcis) muralis (Dhouailly & Maderson, 1984) indicated that, beneath the periderm, a nonspinulated oberha$ utchen and β layer were formed, bypassing the production of a clear layer, which normally represents the upper component of the shedding complex in the adult and regenerating epidermis (Maderson, 1985 ; Landmann, 1986 ; Alibardi, 1995) . The present study shows instead that a clear layer is produced, and that the first ' in ovo ' shed takes place between the clear layer which remains joined to the periderm, and the underlying oberha$ utchen layer (Fig. 28) .
Initially oberha$ utchen cells are nonspinulated, but when a clear layer is fully differentiated, oberha$ utchen cells present little except typical serrated spinulae, as observed in the normal renewal and regenerating epidermis and also during the postshedding stages in Lacerta vivipara (Bryant et al. 1967) .
Previous studies on the adult postshedding epidermis have shown that the first upper epidermal layer left in place after the detachment of the outer epidermal generation (including the clear layer) is the oberha$ utchen (Maderson, 1985) . Labelling studies on adult epidermis using tritiated thymidine have followed the sequence of production of epidermal layers after the resting stage, i.e. after the clear layer had been shed with the outer generation (Flaxman, 1972 ; Flaxman & Maderson, 1973 ; Downing & Roth, 1974) .
Despite the uncertainty related to the derivation of the inner periderm, the present study definitely shows that a clear layer is the initial epidermal layer component produced during the first (embryonic) shedding cycle. After the clear layer, the formation of an oberha$ utchen layer and the remaining epidermal layers takes place (Fig. 28) . The second shedding cycle therefore will resume sometime after hatching, with another clear layer and so forth.
According to the present observations, 2 interpretations can be put forward about the sequence of epidermal layers.
The first interpretation suggests that under the outer periderm, a layer of simplified embryonic lacunar cells (the so called ' inner periderm ') is formed. Beneath the latter a clear (l granulated) layer is formed and it contacts the first oberha$ utchen layer. The 3 more superficial layers constitute an α-keratin producing epidermal generation, and are lost after a shedding layer is formed in the embryo (Fig. 28) . With the formation of the first oberha$ utchen, the typical adult shedding cycle is set up (Maderson, 1985) . Also during epidermal regeneration the first epidermal generation produces α keratin, since the external lacunar tissue is followed by a clear layer (Alibardi, 1995) . This interpretation suggests that a simplified (embryonic) α keratin generation (considered phylogenetically more ancient), precedes the oberha$ utchen layer of the β keratin generation (considered phylogenetically more recent) (Figs 1, 28 ). This first, more likely interpretation, conforms to the sequence of production of epidermal layers during the renewal phase of normal epidermis and in regenerating epidermis (Maderson, 1985 ; Landmann, 1986 ; Figs 1, 28) .
The other interpretation suggests that the clear layer, or even the lacunar layer, is the first and not the last of all the epidermal generations in the shedding cycle of the adult. The clear layer might mark the point of passage as well as fracture between the outer and the inner epidermal generation, but is committed to be lost with the previous (outer) epidermal generation. This suggests that a program for the splitting of epidermal generations is intrinsic to each epidermal generation, and not present between 2 successive epidermal generations. This second, less probable interpretation, needs further experiments.
In Podarcis more than in Anolis the clear layer is often not continuous over the oberha$ utchen, probably due to asynchrony in its differentiation over the entire surface of the scale. The asynchrony in the differentiation of the oberha$ utchen has been previously reported (Irish et al. 1988) , and may explain why lizards, as opposed to snakes, shed their epidermis in a ' patchy ' manner.
It is also possible that during the production of the first embryonic epidermal generation, cells with mixed characteristics of both clear and oberha$ utchen cells are produced, or at least not stratified in an orderly fashion over the entire scale surface. Small β keratin packets are observed within the clear layer of Podarcis, an aspect not frequently seen in Anolis. This suggests that during embryogenesis, as during regeneration (Alibardi, 1995) , in intermediate layers between α and β keratinisation or vice-versa (such as clear or mesos layers), some β keratin coexists with α keratin (see also Dhouailly & Maderson, 1984) .
Formation of KHLG in the shedding complex
Differing from those in Anolis, KHLG in Podarcis are very small (0n04-0n3 µm), and sometimes resemble granules previously described as mucous granules. KHLG have been described in the epidermis of lizards and, possibly, in snakes, though the dimension, shape, and the staining affinity are variable (Alexander, 1969 ; Roth & Jones, 1970 ; Maderson et al. 1972 ; Miscalencu, 1974 ; Maderson, 1985) .
The accumulation of KHLG in the clear layer before shedding, seems necessary for the formation of the zig-zag-shaped splitting line between clear and oberha$ utchen layer in normal and regenerating epidermis (Maderson et al. 1972 ; Maderson, 1985 ; Alibardi, 1995) . Perhaps the clear layer in lepidosaurs evolved in concert with the oberha$ utchen for facilitating the mechanism of intraepithelial splitting between successive epidermal generations.
One difference between embryonic skin of the chick and nonlepidosaurian reptiles with that of lepidosaurs, is the lack of the ' shedding complex ' in the former (Alexander, 1969 ; Sawyer et al. 1974 ).
Although the first subperidermal layer of the chick contains small, 0n5 µm or smaller, keratohyalin granules (Mottet & Jensen, 1968 ; Parakkal & Matoltsy, 1968) , the following layer produces α keratin, as in mammals. In chick scutate scales, somewhat similar to those of reptiles, beneath the periderm a β layer is produced, without the differentiation of an oberha$ utchen (Sawyer et al. 1974) .
The formation of KHLG is concomitant with the formation of the oberha$ utchen spinulae, and the differentiation of the 2 cell layers, which make up the shedding complex, appear related (Alibardi, 1997 a) . In the mature shedding complex, fibrous material in the clear cell cytoplasm surrounds the spinulae of the oberha$ utchen, and the KHLG merge and disappear within the electrondense, fibrous cytoplasm. It is here suggested that KHLG participate in the formation of a continuous cytoskeleton network surrounding the spinulae of the oberha$ utchen (Alibardi, 1997 a). The above granules may contain filaggrin-like molecules, as for keratohyalin in the granulated layer of mammals (Matoltsy, 1987 ; Fuchs, 1990) . Filaggrin determines the aggregation of the tonofilament bundles which contribute to the formation of cornified keratinocytes.
In lizards, the network of filamentous material around the spinulae might also derive from a similar process. This may explain the hardness of the clear layer after shedding, as evidenced from the template left from the spinulae on the clear layer (Alexander & Parakkal, 1969 ; Ernst & Ruibal, 1966 ; Maderson et al. 1972 ; Irish et al. 1988 ; Alibardi, 1997 a) .
The other granules of the clear cells, surrounded by a membrane and derived from the Golgi apparatus, may represent lysosomes which may be involved in the degradation of the desmosomes which initially connect the clear layer to the oberha$ utchen layer (Landmann, 1979) . Previous studies (von Goslar, 1964) localised some lysosomal enzymes in the differentiating and mature shedding complex.
Further study is necessary to clarify the chemical nature of KHLG and other granules, and of the cytoskeletal elements involved in the formation of the specific fibrous network within cells of the shedding complex.
Dermal heterogeneity
The present observations add further information on the difference between the dermis beneath the BLOS in comparison to that located beneath the epidermis of the inner side of the scale.
Previous studies (Dhouailly & Maderson, 1984) indicated that dermal epithelial interactions were different in the hinge regions with respect to the centre of forming scales. In particular, the different position of the ' anchoring complexes ' is considered to determine the peculiar folding of the epithelial sheets during scale embryogenesis and regeneration (Dhouailly & Maderson, 1984 ; Alibardi, 1994) .
Anchoring complexes represent collagenous filaments extending from the deeper dermis to the basement membrane of the epidermis (Kallmann et al. 1967 ; Haake & Sawyer, 1982) . They might produce mechanical tension between dermis and epidermis capable of bending the initially linear epidermal sheet (Dhouailly & Maderson, 1984) . The present work confirms previous studies (Dhouailly & Maderson, 1984 ; Sawyer et al. 1986 ) which reported that anchoring complexes were preferentially localised around the hinge region of developing scales or feathers.
The type of dermis under different epidermal regions has been also shown to influence the regional type of skin appendage produced during development, such as scales, feathers or hairs (Sengel, 1986 ; Sawyer et al. 1986 ). In the epidermis of chick scutate scales, the β keratin layer derives via a stimulation of the dermis located under the outer side of the scale during the ' epidermal ridge ' stage (Sawyer et al. 1986 ). The above studies have shown that dermal cells may contact the epidermal basement membrane by cytoplasmic arms, by anchoring complexes and that occasional direct epidermal dermal contacts are present. The dermis under the inner surface of developing or regenerating scales of lizards seem to be stretched, and its fibroblasts are oriented along the collagenous fibrils, probably under mechanical stress (Alibardi 1994 (Alibardi , 1996 . The present study has also shown that more numerous dermal epidermal interactions are present under the BLOS with respect to the inner side of the scale. The effect of this differential association of dermal cells to the epidermis of inner and outer side of the scale is not known.
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